Processes involving the Flavour Changing Neutral Current transitions in b-hadron decays are suppressed in the Standard Model and are sensitive to New Physics. We present a search for the rare decays B 0 s → µ + µ − and B 0 → µ + µ − using 25 fb −1 of data collected by the ATLAS experiment at 7 and 8 TeV proton-proton collision energy. For the B 0 dimuon decay, an upper limit on the branching fraction is set at B(B 0 → µ + µ − ) < 4.2 × 10 −10 at 95% confidence level. . Results of an ATLAS analysis [3] using the full LHC Run 1 ATLAS data sample of 25 fb −1 are presented in this report.
Analysis Strategy
In order to be independent of the uncertainties of the luminosity and bb production crosssection measurements, the branching fraction measurement is performed with respect to an abundant normalisation (or reference) decay B + → J/ψ(→ µ + µ − )K + with a well-measured branching fraction:
with
where N d(s) (N J/ψK + ) denote the signal (reference) channel yields, ε µ + µ − (ε J/ψK + ) are the corresponding values of acceptance times efficiency, and f u / f d(s) is the ratio of the hadronisation probabilities of a b-quark into B + and B 0 (s) . The index k in the denominator D norm runs over four different data-taking periods and trigger selections. In the sum, α k takes the different trigger prescale factors and integrated luminosities in the signal and normalisation channels into account.
Signal and reference channel events are selected by similar dimuon triggers. For the 2011 data-taking period, the trigger selection of p T > 4 GeV for each of the two muon candidates has been used. The different prescaling factors of low-pT dimuon triggers during the 2012 data-taking period are addressed by splitting the 2012 sample into three mutually exclusive trigger categories (T 1 , T 2 and T 3 ) depending on the two muons' pT thresholds at 4 GeV and 6 GeV and their trajectory in the detector.
In the preliminary selection of B candidates, we require two muons with p T > 4 GeV and |η| < 2.5, reconstructed both in the inner detector and in the muon spectrometer [4] . Additional kaons used in the reconstruction of the normalisation and control channels are required to have p T > 1 GeV. Only B candidates inside the fiducial kinematic region of p B T > 8.0 GeV and |η B | < 2.5 are retained. In the final selection stage the signal fraction is enhanced by two multivariate classifiers against combinatorial background (c-BDT) and against hadrons which are misidentified as muons (f-BDT). The analysis is blind, i.e. the data from a dimuon invariant mass region between 5166 MeV and 5526 MeV has been excluded from the optimisation of the signal selection procedure.
Background Suppression
The background to the B 0 (s) → µ + µ − signal is comprised of three components: combinatorial background, partially reconstructed decays (PRD) and resonant background. The dominant combinatorial background component originates from the random combination of muon tracks created in quark-anti-quark annihilation processes dominated by bb → µ + µ − X decays and has a smooth dimuon mass dependence.
The PRD component consists of several topologies: same-side (SS) combinatorial background from decay cascades (b → cµν → s(d)µ µνν), same-vertex (SV) background from B decays containing a muon pair like B 0 → K * 0 µ µ, B c decays (e.g. B c → J/ψ µν → µ µ µν) as well as semileptonic b-hadron decays where a final-state hadron is misidentified as a muon. The PRD component accumulates to the left of the signal peak with the tail of the invariant mass distribution reaching into the signal region.
The resonant background, which peaks in the signal region, originates from the decays of neutral B-mesons with two hadrons in the final state misidentified as muons. The hadron misidentification is mainly due to in-flight decays with probabilities of 0.4% for K ± , 0.2% for π ± and less than 0.01% for protons. These probabilities has been further reduced by a factor of 0.4 using a dedicated BDT (f-BDT) selection, which retains 95% of true muons. After applying this selection to the resonant background, its contribution in the signal region is expected to be 1.0 ± 0.4 events.
To suppress the dominant combinatorial background another dedicated BDT (c-BDT) classifier has been employed. It uses 15 input variables related to the B-decay topology and properties of its decay muons, other collision tracks and pile-up vertices in the event. The classifier has been trained on a large inclusive Monte Carlo (MC) sample of uncorrelated semileptonic decays of b and c hadrons using the TMVA package [5] and validated on the sidebands of the invariant mass distribution in data. The distributions of the BDT output variable for the sideband data, signal and different background MC samples are shown in Figure 1 , left. For the final selection with a c-BDT output value larger than 0.24, 54% of signal events are retained and the combinatorial background component is suppressed by a factor of 10 3 .
Normalisation Channel Yield and Efficiency Ratio Extraction
The N J/ψK ± yield has been computed in the four data-taking and trigger categories by performing an unbinned maximum likelihood fit to the J/ψK ± invariant mass distributions after all signal selections have been applied. The fit model consists of four components: B + → J/ψ K + and Cabibbo-suppressed B + → J/ψ π + exclusive decays, partially reconstructed B decays to the left of the B + → J/ψ K + peak and the continuum background. The shape parameters of each component are determined from a simultaneous fit to data and corresponding MC distributions. The fit result for the T 1 category is shown in Figure 1 , right. As a byproduct, from the yields of B + → J/ψ K + and B + → J/ψ π + decays the ratio ρ π/K of the corresponding branching fractions has been obtained to 0.035 ± 0.003 ± 0.012 , which is in agreement with the most accurate results available [6, 7] .
The efficiency ratios (ε µ + µ − /ε J/ψK + ) k in the four data-taking and trigger categories are obtained from MC after applying data-driven corrections to the p B T , |η B | spectra and to the number
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Continuum−BDT output s , partially reconstructed B events (SS+SV), B c decays and continuum. The solid histograms are obtained from simulation, while the points represent data collected in the sidebands. All distributions are normalised to unity. Right: J/ψK + invariant mass distribution for all B + candidates in the T 1 trigger category in 2012 data [3] . The result of the fit is overlaid and the inset at the bottom of the plot shows the bin-by-bin pulls.
of reconstructed primary vertices, rescaling each category according to the equivalent integrated luminosity in data. In addition, the B 0 s efficiencies have been corrected to take into account the effective lifetime in the B 0 s → µ + µ − decay, as it proceeds almost exclusively through the heavy B 0 s mass eigenstate [8] . The systematic uncertainty on the normalisation term D norm of Eq.1 totals ±5.9%, dominated by residual data-to-MC discrepancies in the 15 c-BDT discriminating variables.
Signal Yield Extraction
The signal yields N d(s) are extracted simultaneously by an unbinned maximum-likelihood fit to the dimuon invariant mass distribution after unblinding. The sample is divided into three intervals of c-BDT output with equal share of signal content (18% each) but different levels of background contamination.
The signal decays are parameterised by a superposition of two Gaussian distributions with their widths extracted from MC simulation. The shape and the relative signal efficiencies are constrained to be the same in all three c-BDT intervals. The same model is used for the resonant background, with its contribution (see Section 3) equally shared among the three c-BDT intervals. The combinatorial background is parameterised by a linear function, with independent mass slope parameter and relative fractions in all three c-BDT intervals. The SS+SV background in the lowmass sideband region is modelled by an exponential function. Its shape is constrained to be the same in all three c-BDT intervals with independent normalisations. The total systematic uncertainties on the fitted signal yields are σ syst (N s ) = 2 2 + (0.06 × N s ) 2 and σ syst (N d ) = 3. For the SM prediction the expected yield for N s (N d ) is 41(5) events. The unblinded dimuon invariant mass distribution for the BDT interval with the largest expected signal sensitivity is shown in Figure 2 , left. Applying the requirement of non-negative yields, the fit returns N s = 11 and N d = 0, while the unconstrained fit obtains N s = 16 ± 12 and N d = −11 ± 9.
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The branching fractions B(B 0 (s) → µ + µ − ) are extracted from data using a profile-likelihood fit replacing the fit parameters N s(d) in Eq. (1) by the corresponding branching fractions divided by normalisation terms. The value of the B(B + → J/ψ K + ) × B(J/ψ → µ + µ − ) is obtained from world averages [9] and the hadronisation probability ratio is taken from the ATLAS measurement as f s / f d = 0.240 ± 0.020 [10] , assuming f u / f d = 1. By combining these components with D norm , one obtains a single-event sensitivity equal to (8.9 ± 1.0) × 10 −11 for B 0 s → µ + µ − and (2.21 ± 0.15) × 10 −11 for B 0 → µ + µ − .
Imposing the constraint on the signal branching fractions to be non-negative one obtains B(B 0 s → µ + µ − ) = 0.9 +1.1 −0.8 × 10 −9 , with a significance of 1.4σ w.r.t. the background-only hypothesis. Alternatively, using the CL s method [11] , implemented with pseudo-MC experiments, upper limits on the B 0 s → µ + µ − (B 0 → µ + µ − ) branching fraction of B(B 0 s → µ + µ − ) < 3.0×10 −9 (B(B 0 → µ + µ − ) < 4.2 × 10 −10 ) have been placed at the 95% confidence level. The upper limit on the B 0 s → µ + µ − branching fraction is lower than the SM prediction and the central value of CMS and LHCb combination, with a better agreement to the latter. For B 0 → µ + µ − , the limit covers both, the SM prediction and the combined CMS and LHCb measurement.
Without the constraint, the result of the simultaneous fit overlaid with the combined result of the CMS and LHCb experiments and with the SM prediction is shown in Figure 2 , right. The compatibility of the result with the SM prediction is given by a p-value of 0.048, which corresponds to 2σ .
